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Calprotectin (a major leucocyte protein) is strongly and
independently correlated with joint inflammation and damage
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Obijective: Calprotectin is a major leucocyte protein, shown to correlate well with laboratory and clinical
assessments in several inflammatory rheumatic diseases, and large concentrations of calprotectin have been
found in synovial fluid from patients with rheumatoid arthritis (RA). The objective of the present study was to
examine correlations between calprotectin and joint damage.

Methods: 145 patients with RA were analysed cross sectionally with laboratory (calprotectin, C reactive
protein (CRP), and erythrocyte sedimentation rate (ESR)), clinical (28 joint counts (tender, swollen), physician
global VAS, DAS28 and RA Articular Damage score (RAAD)), and radiographic (plain hand radiographs;
modified Sharp’s method) measurements, on the same day.

Results: Calprotectin showed a highly significant correlation with measures of joint damage; modified Sharp
score r=0.43 (p<0.001) and RAAD r=0.40 (p<0.001). The association with modified Sharp score and
RAAD score was maintained after adjustment for CRP, ESR, rheumatoid factor, DAS28, sex, and age in a
multiple regression analysis (p=0.018 and p=0.04, respectively), while neither CRP nor ESR showed any
independent associations. Highly significant correlations (p<0.001) were also found between calprotectin
and both laboratory and clinical markers of inflammation.

Conclusion: Calprotectin was found to significantly and independently explain the variation in the
radiological and clinical assessments of joint damage. Longitudinal studies are required to examine whether
calprotectin may predict the progression of joint damage in RA.

interest in calprotectin, a major leucocyte protein, which

constitutes about 40-60% of the soluble cytosolic protein
content in neutrophilic granulocytes, as well as being a major
monocyte/macrophage protein.'” The protein is released during
cell activation and turnover.*’ Calprotectin is one of the
calcium binding proinflammatory S100 proteins—S100A8/
S100A9,° and it is also called protein MRP-8/MRP-14,’
calgranulin A/calgranulin B,* cystic fibrosis antigen,” and L1."
The protein is released during the interaction of monocytes
with inflammatory activated endothelium, probably at sites of
local inflammation," and it binds to endothelial cells and
modulates transendothelial migration of leucocytes.””™* The
protein has been described in synovial tissue in rheumatoid
arthritis (RA) patients, where it was found in the lining layer
adjacent to the cartilage-pannus junction, which is the primary
site of cartilage destruction and bone erosion in arthritis.” High
calprotectin concentrations have been found in synovial fluid
from RA patients, while low concentrations were found in
osteoarthritic patients.'® ' In addition, a highly significant
correlation was found between the calprotectin levels in plasma
and synovial fluid." '* Calprotectin has a molecular weight of
only 36.5 kDa," and may thus diffuse from inflamed joints into
the circulation, where it can be measured in plasma.' ' " The
half life of calprotectin in plasma is only 5 hours,”” while the
half life in synovial fluid is not known. The acute phase proteins
are mainly of hepatic origin, while calprotectin is released
locally at the site of inflammation. Calprotectin has been
studied in several inflammatory joint diseases where highly
significant correlations were found between calprotectin and
clinical assessments of disease activity as well as with C reactive
protein (CRP) and erythrocyte sedimentation rate (ESR).*'"™>> A

During the past two decades there has been increasing

few studies have also been performed on calprotectin during
medical treatment of arthritis, where decreased calprotectin
levels were found during clinical response,' '**?¢ and in
patients with systemic lupus erythematosus, significantly
higher levels were found in patients with arthritis.”

Since calprotectin is released from activated granulocytes and
monocytes/macrophages in arthritic joints, the plasma concen-
tration of this protein may reflect the amount of local
inflammation and thus be related to joint damage in RA. In
the present study we analysed the associations between the
calprotectin levels and the radiographic, clinical, and laboratory
assessments of joint damage and inflammation in RA patients.

PATIENTS AND METHODS

Patients

A total of 145 patients (110 females) took part in a 10 year
follow-up examination of the Euridiss early RA cohort*® ** and
underwent a comprehensive one day examination including
laboratory, clinical, and radiographic assessments. The patients
gave written consent according to the Declaration of Helsinki,
and the study was approved by the local ethics committee. All
patients fulfilled the American Rheumatism Association 1987
revised criteria.”> Mean (SD) age was 59.9 (12.7) years and the
disease duration was 12.7 (1.1) years. Their current drug
therapy was: disease modifying antirheumatic drugs
(DMARDS), n =69 (48%); prednisolone, n=52 (36%) and

Abbreviations: anti-CCP, anti-cyclic citrullinated peptide; CRP, C reactive
protein; DMARDs, disease modifying antirheumatic J:ugs,' ESR, erythrocyte
sedimentation rate; JRA, juvenile rheumatoid arthritis; NSAIDs, non-
steroidal anti-inflammatory drugs; RA, rheumatoid arthritis; RAAD score,
RA Articular Damage score; VAS, visual analogue scale
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non-steroidal anti-inflammatory drugs (NSAIDs) including
coxibs, n=65 (45%). A total of 96 patients (67%) were
classified as rheumatoid factor positive based on previous
analyses for IgM-RF applying an ELISA technique.”

Laboratory examinations

EDTA blood was centrifuged and the upper third of plasma was
frozen at —70°C until all samples were analysed for calprotectin
at the same time by use of ELISA,' ' >* where normal levels are
under 0.9 mg/l. In brief, this ELISA method is performed as
follows: 100 pl of standards or samples are diluted 1:50 in an
assay buffer containing 10 g/l bovine serum albumin, 50 mmol/
I TRIS, 150 mmol/l sodium chloride, 0,5 mmol/l magnesium
chloride, 2,5 mmol/l potassium chloride, 0.25 mmol thimerosal,
and 0.05% Tween-20, pH 8.0 and added to microtitre wells and
shaken for 30 minutes at an ambient temperature. After
washing, alkaline phosphatase conjugate is added, and the
plates are shaken again. After a final wash, substrate is added,
and the optical density is read. The coefficients of variation
have been found to be 5% within and 13% between assays.”
CRP and ESR were measured on the day of the clinical
examination with routine standards of the hospital laboratory
(CRP measured by use of turbidimetry, with 1 mg/l as the
lowest detectable value, and ESR by use of Westergren’s
method).

Clinical assessments

One rheumatologist (S@) performed the clinical assessments
including the 28 swollen and tender joint counts (28-SJC and
28-TJC) and the physician global assessment on a 100 mm
visual analogue scale (VAS). The Disease Activity Score based
on the 28 joint counts (DAS28) was calculated. The
Rheumatoid Arthritis Articular Damage score (RAAD) was
used for a clinical assessment of joint damage, and the method
is based on an evaluation of joint damage of 35 large and small
joints (score range 0-70). The RAAD score has been shown to
be a feasible method for measuring the long term articular
damage in large RA populations.”

Radiographic examinations

All  patients were examined with hand radiographs.
Radiographic damage was scored according to van der
Heijde’s modification of Sharp’s method* ** under the super-
vision of two of the co-authors (DvdH or RL) blinded for clinical
data. The total score (sum of erosions and joint space
narrowing) for hands (range 0-280) was used in the analyses.

Statistical methods

The statistical analyses were performed using SAS 9.1.3 (SAS
Institute Inc, Cary, NC, USA) and SPSS software (SPSS Inc,
Chicago, IL, USA). The data were not normally distributed, and
non-parametric tests were used for bivariate associations
(Spearman’s rank correlation test). The patients were divided
into quartiles according to the calprotectin concentrations and
the quartiles were compared with regard to joint inflammation
and joint damage using ANOVA. The Mann-Whitney test was
performed to analyse for differences between groups. Linear
multiple regression analyses were performed with the modified
Sharp score and RAAD score as dependent variables, and the
raw data of calprotectin, CRP, ESR, rheumatoid factor, DAS28,
sex, and age as independent variables. The assumptions of the
model were tested using Cook’s d, studentised residuals and
dfbetas. The levels of significance were set at 0.05.

RESULTS

The median (range) levels of the laboratory markers were:
calprotectin 1.8 (0.3-8.7) mg/l, CRP 4 (1-49) mg/l, and ESR 15
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(2-63) mm in the first hour. The clinical and radiographic
measures had the following median (range) values: DAS28 4.2
(0.8-7.1), 28-SJC 4 (0-22), physician global visual analogue
scale (VAS) 21 (0-70), the modified Sharp score 23 (0-150) and
RAAD score 5 (0-36).

The plasma concentrations of calprotectin correlated sig-
nificantly with the laboratory, clinical, and radiographic
assessments (p<<0.001) (table 1). The patients were divided
into quartiles depending on the calprotectin concentrations:
first quartile 0.3-0.8 mg/l (n = 36), second quartile 0.9-1.7 mg/1
(n=36), third quartile 1.8-3.2 mg/l (n=36), and fourth
quartile 3.3-8.7mg/l (n=37). Significant differences
(p<0.001) were found between the quartiles when analysed
for the levels of the laboratory (CRP and ESR) and clinical
examinations (DAS28, 28-SJC, and physical global VAS). In
addition, the calprotectin quartiles showed significant differ-
ences (p<0.001) when analysed for the levels of the modified
Sharp score as well as the RAAD score (fig 1). When both
modified Sharp score and RAAD score were divided into
quartiles, the calprotectin levels differed significantly between
the quartiles (p<<0.001).

Patients using prednisolone (n = 52) had significantly higher
calprotectin values (mean (SD) 2.9 (1.8) mg/l) than those not
using prednisolone (mean (SD) 1.9 (1.6) mg/l), p<0.00l. In
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Figure 1 (A) Box plots (median, quartiles, minimum, and maximal values)
of the total Sharp score across the quartiles of calprotectin concentrations.
There were significant differences between all the quartiles (p<0.001). (B)
Box p|ofs (median, quarﬁ|es, minimum, and maximal values) of the RA
articular damage score across the quartiles of calprotectin concentrations.
There were significant differences between all the quartiles (p<0.001).
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Table 1 Spearman’s rank correlations between laboratory, clinical, and radiographic assessments of 145 RA patients
28 Swollen Physician Modified Sharp
CRP ESR DAS28 joint count global VAS score RAAD scoret
Calprotectin 0.57* 0.50* 0.55* 0.49* 0.54* 0.43* 0.40**
CRP 0.55* 0.48* 0.28* 0.46** 0.31* 0.29**
ESR 0.59** 0.26* 0.34** 0.32** 0.30**
DAS28 0.64* 0.65* 0.35* 0.43*
28 Swollen joint count 0.70** 0.53** 0.57**
Physician global VAS 0.62** 0.65**
Modified Sharp score 0.72**
CRP, C reactive protein; ESR, erythrocyte sedimentation rate.
*p<0.01, *p<0.001. tRheumatoid arthritis articular damage score.

addition, patients using DMARDS (n=69) had significantly
higher levels of calprotectin (mean (SD) 2.8 (1.8) mg/l) than
those not using DMARDs (mean (SD) 1.8 (1.4) mg/l), p<<0.001.
No significant correlation was found between calprotectin and
disease duration (r=0.097, p=0.25). Significantly higher
calprotectin levels (p<<0.001) were found in rheumatoid factor
positive patients compared with rheumatoid factor negative
patients (median (range) calprotectin concentration 2.5 (0.3—
8.7) mg/l versus 0.9 (0.3-6.8) mg/l).

In a multivariate, linear regression analyses with the
modified Sharp score as the dependent variable, calprotectin,
rheumatoid factor, and age were found to be significant
covariates, while CRP, ESR, DAS28, and sex were non-
significant. When RAAD score was the dependent variable,
calprotectin, rheumatoid factor, and DAS28 were significant
covariates, while CRP, ESR, sex, and age were non-significant
(table 2). After correcting for CRP, ESR, rheumatoid factor,
DAS28, sex, and age in the multiple regression analysis,
calprotectin remained significantly associated to the modified
Sharp score (p=0.018) and RAAD score (p=0.04) (table 2).
When the analysis was additionally corrected for disease
duration, use of DMARDs, or use of prednisolone calprotectin
was still significantly associated with the modified Sharp score,
p<<0.05. With the modified Sharp score as the dependent
variable in the linear regression analysis, calprotectin had a R?
of 0.183, while R? was 0.074 for CRP and 0.079 for ESR. When
RAAD score was the dependent variable, the R? was 0.144 for
calprotectin, 0.039 for CRP, and 0.035 for ESR. When
calprotectin, CRP, ESR, DAS28, rheumatoid factor, age, and
sex were included in the linear regression analysis, the total R?
was 0.295, while R? was 0.221 when a similar analysis was
performed with RAAD score as the dependent variable.

DISCUSSION

The main finding in this study was the consistent association
between calprotectin and the two measures of joint damage;
the modified Sharp score and the RAAD score. Calprotectin,

ESR, CRP, and clinical measures of inflammation were all
bivariately significantly correlated with the measures of joint
damage, but of the inflammatory variables, only calprotectin
was independently associated in the multivariate analyses.
Radiographic damage is considered as a key end point in
clinical studies in RA and has been shown to be associated with
long term development of physical disability.*

The association between calprotectin and joint damage is
biologically plausible. Calprotectin may be released from
activated granulocytes and macrophages in the inflamed
synovium as well as from the high number of granulocytes in
the synovial fluid during inflammation. In synovial fluid from
inflamed joints, calprotectin was found to be a major protein
when analyses were performed by use of mass spectrometry.””
This supports the finding of high levels of calprotectin in
synovial fluid in several inflammatory joint diseases, where
significant correlations were found between the levels in
plasma and synovial fluid." ' However, both the modified
Sharp score and RAAD score reflect the joint damage as a result
of several years of local inflammation. Thus, the present finding
of an independent association between calprotectin and
measures of joint damage may be explained by a long term
elevation of calprotectin in patients with active arthritis.

The calprotectin levels, both in the present and in previous
studies,*" ** > were found to be associated with the presence of
rheumatoid factor, which has been found to be a predictor of
longitudinal radiographic progression.”® However, longitudinal
studies should be performed to explore the associations
between the levels of rheumatoid factor and/or anti-CCP and
calprotectin.

Significantly higher levels of calprotectin were found in
patients using prednisolone and/or DMARDs. This may indicate
a higher disease activity in these patients, which was supported
by the higher levels of the other inflammatory markers as well
as the clinical assessments in the treated patients. There are few
studies on the influence of medication on calprotectin levels.
However, the present study indicates that neither prednisolone

articular damage (RAAD) score as dependent variables

Table 2 Linear multivariate regression analyses with the van der Heijde’s modified Sharp score and the Rheumatoid arthritis

Van der Heijde modified

Sharp score RAAD score

Independent variables Beta (SE beta) p Value Beta (SE beta) p Value
Calprotectin 5.49 (2.30) 0.018 1.12 (0.55) 0.04
CRP 0.25 (0.39) 0.52 0.002 (0.09) 0.98
ESR 0.08 (0.29) 0.79 —0.08 (0.068) 0.25
DAS28 2.03 (2.5¢) 0.43 1.6 (0.61) 0.009
Rheumatoid factor 22.79 (6.50) 0.0006 3.33 (1.55) 0.03
Age 0.46 (0.22) 0.039 0.002 (0.053) 0.97
Sex 3.24 (6.53) 0.62 0.95 (1.56) 0.55

CRP, C reactive protein; ESR, erythrocyte sedimentation rate

www.onnrheumdis.com



1096

nor DMARD:s per se influence the levels of calprotectin, and this
issue ought to be addressed in further studies.

This study is to our knowledge the first to show an
independent association between calprotectin levels and joint
damage measured by both radiographic and clinical assess-
ments. In a previous study calprotectin was not found to be a
significant predictor of joint damage.” However, the patients in
that study had a broad range of disease duration, indicating a
possible ceiling effect for radiographic erosions, and the study
had a small number of patients. In future studies, calprotectin
should be analysed longitudinally in RA patients without a very
destructive disease to find out whether calprotectin is a
predictive marker of joint damage.

This study confirmed the findings of previous studies
showing that calprotectin is a marker of inflammation, with
significant correlations with other laboratory and clinical
measures of joint inflammation.”’ *****> High correlations
between calprotectin and both laboratory and clinical measures
have been found in several inflammatory diseases like juvenile
rheumatoid arthritis (JRA),” ** * psoriatic arthritis,"* reactive
arthritis,*" acute gouty arthritis,” ** and systemic lupus erythe-
matosus.”” Extremely high calprotectin levels were found in
patients with flares of systemic JRA.** *

A strength of this study is the use of two separate end points
for joint damage. The consistent independent associations
between calprotectin and both end points support the robust-
ness of the current finding. Another strength is that all clinical
assessments were performed by one investigator, and that the
radiographic damage scores were done in a centre with long
experience in the assessment of radiographs with the van der
Heijde’s modified Sharp score. The apparent weakness is the
cross sectional design, which does not allow conclusions about
the longitudinal predictive value. Previous studies have shown
that acute phase reactants, rheumatoid factor, and anti-CCP
predict subsequent progression of radiographic damage,* **’
but it has not been possible to develop a clinically useful
algorithm for prediction of radiographic progression in early
RA.

In conclusion, this study shows that calprotectin is cross
sectionally associated with measures of joint damage.
Longitudinal studies in RA patients are required to address
whether calprotectin may be an independent predictor of
subsequent joint damage and whether calprotectin and other
markers together may improve the prediction of long term joint
damage.
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